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BLE DO OLE _TUBING

This invention relates to expandable downhole tubing.
In particular, the invention relates +to coupling or
connecting expandable downhole tubing. One aspect of the
invention relates to a mechod of locating a section of
expandable tubing in a bore.

Expandable tubing for use in downhole applications is
described in WO093/25800, the disclosure of which is
incorporated herein by reference. The tubing is useful as,
for example, borehole liner or as a sandscreen support, the
use of expandable tubing in sandscreens being more fully
described in WO97/17524, the disclosure of which is also
incorporated herein by reference. In one application, a
section of expandable tubing is positioned in an unlined
section of bore intersecting a hydrocarbon-bearing
formation, below an existing bore casing and bore liner.
The tubing is then expanded, preferably into contact with
the bore wall. The expanded liner supports the bore wall
while allowing oil and gas to pass from the formation into
the bore. In another application, an expandable well
screen is provided, the screer comprising perforated filter
sheets mounted on an expandable slotted carrier tube and
within a coaxial expandable slotted protective tube. The
well screen is expandeg downhole to such a size that the

protective tube can be set against the surrounding

formacion.
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For locating expandable tubing in a bore it would be
preferable to provide a secure connection between the upper
end of the expandable tubing and the lower end of an
existing bore liner; simply locacing the tubing in the
liner., with no mechanical connection therebetween, may
result in an offset between the two, <creating an

irregularity on which tools may snag and an unwanted gap

through which fluid may flow.

US Patent No. 13,353,599 discloses a method éor
securing ends cof expandable liner to solid surrounding
tubing by means of plastic impregnated glass filter mats.
However, the applicant considers that this method would
encounter many difficulties in this particular application

due to, for example, contamination of the mats by the fluid

in the bore and the possibility of che mats being dislodged

or damaged during installation of the liner and the

expandable tubing, or during other downhole operations.

It is among the objectives of the present invention to
obviate or mitigate these disadvantages.

According to the present invention chere is provided
a method of coupling a section of expandable tubing, the
method comprising the steps:

providing a length of expandable tubing and a langth
of larger diameter non-expanding tubing;

connecting an end porticn of said expandable tubing to
an end portion of said non-expanding tubing with a portion
of expandable tubing;

running the tubing into a bore: and
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expanding the expandable tubing.

According to a further aspect of the present invention
there is provided a tubing assembly comprising a length of
expandable tubing, a length of larger diametsr non-
expanding tubing, and a connecting portion of expandable
tubing connecting an end portion of the expandable tubing
to an end portion of the non-expanding tubing.

These aspects of the invention facilitate connection
of a length of expandable tubing to a length of non-
expanding tubing.

The expandable tubing may be a borehole liner or
support, or may f{orm part of an expandable well screen or
sand screen.

The non-expanding tubing may be a solid connector or
coupling, and thus may be a solid connector for joining two
lengths of expandable tubing. In parcicular, this
embodiment of the invention permits expandable well screen
or sand screen sections to be connected using solid
connectors, obviating cthe difficulties involved in
connecting such well screen sections utilising expandable
connectors.

The connecting portion may be formed by partially
expanding an end of the expandable tubing to a diameter
correspending to the non-expanding tubing. Alternatively,
the non-expandiﬁg tubing may have an expandable capering
end portion which forms che connecting porrtion, the smaller
diameter end of the tapering poftion being of a diamecer

cdrresponding to the expandable tubing.
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The connecting portion may be welded to one or both of
the expandable tubing and cthe non-expanding tubing.
Alternatively, the connection may be provided by other
means, such as screw threads, pins, screws, rivets or
radially movable keys or fingers engagidg corresponding
profiles.

According to another aspect of the present invention

there is provided a method of locating a secrion of

expandable tubing in a bore, the method comprising the

steps:

providing a length of expandable tubing and a length
of larger diameter non-expanding tubing;

connecting an end portion of said expandable tubing to
an end portion of said non-expanding tubing with a portion
of expandable tubing;

running the connected tubing inte a bore;

fixing said non-expanding tubing in the bore; and

expanding the expandable tubing.

According to a still further aspect of the present
invention there is provided a tubing assembly comprising a
length of expandable tubing, a length of larger diameter
non-expanding tubing including means for connecting the
non-expanding tubing to further tubing located in a bore,
and a connecting portion of expandable tubing connedcing an
end portion of the expandable tubing to an end portion of
the non-expanding tubing, the arrangement being such that,

in use, the connected tubing may be run into a bore as a

unic.
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- Thus, in these aspects of the present invention, the
expandable tubing is connected to the non-expanding tubing
on surface, prior to running the expandable tubing into the
bore and prior to expansion of the tubing. The non-
expanding tubing may be fixed in the bore by any suitable
connecting means. typically by connection te an existing
section of bore liner or casing. The connection may
utilise, for example, a liner hanger, a packer, cooperating
screw threads or vradially wmovable keys

engaging
corresponding profiles.

The expandable tubing may be a borehole liner or
support, or may form part of an expandable well screen or
sand screen.

The connecting portion may be formed by expanding an
upper end of the expandable tubing to a diameter
corresponding to the non-expanding tubing. Alternatively,
the non-expanding tubing may have an expandable tapering
lower end porrion which forms the connecting portion, the
smaller diamecer end of the tapering portion being of a
diameter corresponding to the expandable tubing.

Preferably also. the assembly includes a running tool
ineluding means for releasably mounting the tubing chereon.
The mounting means may be released utilising cne of, or a
combination of, mechanical force and £fluid pressure.
éreferably also, the runniﬁg tool incorporates means for
expanding the expandable tubing, which means may be a cone
or mand;gl which ‘will expand the Fubing when pgshed er

pulled cherechrough. Most preferably, the expanding means’
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is initially located within the connecting portion.

The connecting portion may be welded to one or both of
the expandable tubing and the non-expanding tubing.
Alternatively, the connection may be provided by other
means, such as screw threads, pins, sérews, rivets or
radially movable keys or fingers engaging corresponding
profiles.

These and other aspects of the present invention will
Now be described, by way of example, with referencé to the
accompanying drawings, in which:

Figure 1 is a sectional view of a tubing assembly in
accordance with an embodiment of the present invention,
shown located in the sump end of a bore;

?igure 2 is an enlarged sectional view of a portion of
the tubing assembly of Figure 1;

Figure 3 is a sectional view of a portion of a tubing
assembly in accordance with a further embodiment of the
present invention;

Figure 4 is a sectional view of a portion of a tubing
assembly in accordance with another .embodiment of the
present invention; and

Figure 5 is a sectional view of a portion of a tubing
assembly in accordance with a still further embodiment of
the present invention.

The assembly 10 comprises expandable tubing 12
connected to the lower end of a non-expanding sleeve 14,
the sleeve 14 being fixed relative to a section of bore

casing 15 which defines a seal bore 16. The expandable
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tubing 12 is initially of a smaller diameter chaﬁ the

sleeve 14 and casing 15 and excends into the uncased lower

end of a drilled bore 18, this being the section of the

bore 18 which intersects the oil-bearing formation. The
expandable tubing 12 is similar to cthat described in
W093/25800, the tubing wall defining a multiplicicy of
overlapping longitudinal slots 20. A number of ctubing
Sections 12a, 12b are provided and are joined together
using appropriate connectors 22, such as the connectors
described in PCT\GB96\01250 or PCT\GB96\013026, the
disclosures of which are incorporated herein by reference.

At its upper end 12c¢, the tubing 12 has been pre-
expanded to a diameter corresponding to che diametar of the
sleeve 14, and the pre-expanded portion 12c welded to the
éleeve 14, as illustrated in greater detail- in Figure 2.
The lower end portion of the slseve 14 receives the upper
pre-expanded end 12c of the tubing and is slécted 40, to
facilitate welding of the tubing 12c to the sleeve 14.
Furcher, the sleeve 14 defines a shoulder 42 for abutting
the upper end of the expanded tubing end 12¢. In use, the
sleeve 14 is threaded and pinned to a liner section
including a cenventional hanger {(not shown) for connection
to the existing bore casing 1s.

Located within the pre-expanded portion 12¢c is a
funning tool 24 for connection to the lower end of a
running string (not shown), typically formed of drill pipe.
The running tool 24 featufgs radially movable keys 26 which

releasably engage a profile 28 on the expandable tubing 12.
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The illustrated running tool is similar to the rool
described in our earlier UK patent application GB
9625937.9, the disclosure of which is incorporated harein
by reference, ana may be activated by fluid pressure to

S retract the keys 26 and release the tubing assembly 12, 14
when desired. The upper end of the running tool 24
includes an expansion cone 30 which may be pushed
downwardly to expand the tubing 12. as will be described
below.

10 In use, the expandable tubing 12 and the sleeve 14 are
welded ctogether on the surface and the running tool 24
located within the tubing assembly 12, 14 with tha keys 26
extended to engage the tubing profile 28. The rurning tool
24 is then mounted on the lower eﬁd of the running string

15 and the assembly of the tubing 12, sleeve 14, liner, liner
hanger and tool 24 run into the bore 1i8.

On reaching the lower end of cthe bore 18, the liner
hanger is actuated to fix the liner to the lower end of the
bore éasing, above the uncased section of bore. The

20 running tool 24 is then manipulated and fluid pressure
applied to the tool 24 from the surface through the running‘
string to retract the keys 26 and r=lease the tubing 12 and
liner. The running tool 24 is then pushed downwardly,
through. the tubing 12, such that the cone 30 expands the

25 tubing 12 into contacc'with the bere wall, the solid non-
expanding sleeve 14 preventing the pre-expanded tubing end
12c from bellowing out during exﬁansion of the remaipder of

the tubing 12. The running tool 24 is chen withdrawi.
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Thus, the invencion obviates the need to form a connection
between the expandable tubing 12 and the non-expanding
liner while the tubing 12 and liner are downhole.

Reference is now made to Figure 3 of che drawings,
which is a sectional view of a portion of a tubing assembly
48 in accordance with a further embodiment of the presenc
invention. In this embodiment a lower liner section £0
defines a tapering connecting portion 52 formed of a
plurality of connecting arms 54. The upper end of che
expandable tubing 56 is fixed to the arms 5¢ by appropriate
screws 58, and it will be noted that the slots 60 in the
connecting portion 52 correspond with the slots 62 in the
expandable tubing S6.

This assembly 48 is utilised in a similar manner to
the assembly 10 described above, however the expansion cone
30 will expand the tapering connection portien 52 as well
as the expandable tubing 56.

Reference is now made to Figure 4 of the drawings,
which illustrates a tubing assembly 70 comprising a length
of expandable tubing, in the form of an expandable slotted
carrier tube 72, a length of larger diameter non-expanding
tubing, in the form of a solid connector 74, and a
connecting portion of expandable tubing 76 connecting the
end portion of the carrier tube 72 to the end portion of
Ehe connector 74.

The carrier tube 72 sﬁpports perforated filter sheets
78 and an expandable slotted protective tube 80 is mounted

over the sheets 78, thus forming an expandable sand scresn .
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assembly, such as described in WO97/17524.

At its upper end, the carrier tube 72 has been pre-
expanded to a- diameter corresponding to the diameter of the
connector 74, and the pre-expanded connecting pertion 7s
welded to the connector 74. The lower end portion of the
connector 74 receives the connecting portion 76 and is
slotted 82, to facilitate welding of the tubing portion 7g
to the connector 74. Furcher, the connector 74 defines a
shoulder 84 for abutecing the upper end of the expanded
tubing end 76, and an internal thread 8s.

The perforated filter sheets 78 extend to adjacent the
end of the carrier tube 72 and thus extend into the
connector 74. The outer protective tube 80 stops short of
the end of the carrier tube 72 and does not extend into the
connector 74. The pre-expansion of the carrier tube 72
produces a corresponding expansion of the filter sheets 78
and an expansion of the end of the tube 80.

In use, the connector 74 is threaded and pinned to a
corresponding solid connector {nct shown) defining an
oxternal thread coupled to the lower end of another
expandable sand screen section. A number of sand screen
sections may be coupled in this manner and run downhole to
a desired location in the bore, An expansion cone or the
like is. then pushed or pulled through the sand screen '
sections and causes the unexpanded and partially expanded
sections of sand Screen to expand ro a diameter

correspondlng to the dlamecer of the connectors 74 which

will correspond closely to the bore diameter. Further, as '
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described in W093/25800, by selecting an apprbpriace cone
profile it is possible to expand the tubing to a diameter
greater than that of the cone, and in this manner i: may be
possible to expand the sand screen assembly such that the
5 cuter tubing 80 is expanded into contact with the bore
wall. This effect may also be achieved or facilitated by
selecting the relative dimensions of the connector 74 and
"sand screen elements such that on expanding the inner
tubing 72 to a diameter corresponding to the inner diameter
10 of the connector 74, the outer surface of the expanded
tubing 80 extends radially beyond the outer surface of the
connector.

Reference is now made to Figure 5 of the drawings,
which. illustrates a tubing assembly 90 in accordance with
15 a still further aspect of the present invention. The
assembly 90 comprises an expandable pin connector 92, for
coupling to a section of expandable bore liner or an
expandable screen, a solid crossover section 94 for
coupling to a hanger, ana a tapering connecting portion 96
20 machined in a similar manner to a section of expandable
tubing, that is the portion 96 defines a number -of

overlapping longitudinal slots 98.
The pin connector 92 deiines an external thread 100,
and an undercut 102 for engaging corresponding features on
25 4 connecror provided on the expandable bore 1liner or
screen; the expandable. connector is generally similar in

form to the connector described .in our PCT\GB96\01250, the

disclosure of which is incorporated herein by reference.




10

W0 9923354 PCT/GB98/03261

12
It will be clear to those of skill ir che art chat the
above described embodiments are merely exemplary of che

present invention and that various modifications and
improvements may ke made thereto without departing from the
scope of the invention. For example, che'assembly 10 may
be provided in conjunction with another form of running
teol, or may be utilised to locace expandable tubing in
other locations in a bore and teo connect expandable tubing
to other forms of solid tubing. Further, the connector 74
may be utilised to connect other forms of sand screen

incorporating different filter media, or may be utilised to

connect single lengths of expandable tubing.
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1. A tubing coupling method comprising the sceps:

providing a length of expandable tubing and a length
of larger diameter non-expanding tubing;

connecting an end portion of said expandable tubing to
an end portion of said ndn-expanding tubing with a portion
of expandable tubing;

running the tubing into a bore; and

expanding the expandable tubing.

2. The method of claim 1, wherein the expandable tubing

is expanded tc provide a borehole liner or support.

3. The method of c¢laim 1, wherein the expandable tubing
is expanded to provide at laasc part of an expandable well

screen or sand screen.

4. The method of any of claims 1, 2 or 3, wherein the
non-expanding tubing is a solid connector and is joined to

a second length of expandable tubing.

S. The method of any of claims 1 to 4, wherein Cthe
connecting portion of expandable tubing 1is formed by
partially expanding an end of the expandable tubing to a

diameter corresponding to the non-expanding tubing.
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6. The method of any of claims 1 to 4, wherein the
connecting portion of expandable tubing is formeg by
providing the non-expanding tubing with an expandable

tapering end portion.

7. The method of any of the preceding claims, wherein che
connecting portion is welded to one or both of :the

-

expandable tubing and the non-expanding tubing.

8. The method of any of claims 1 to 6, wherein the
connecting portion is cocupled to one or both of the

expandable ctubing and cthe non-expanding tubing by

nmechanical fasteners.

9. A tubing assembly comprising a length of expandable
tubing, a length of larger diameter non-expanding tubing,
and a connecting portion of expandable tubing connecﬁing an
end portion of the expandable tubing to an end portion of

the non-expanding tubing.

10. The assembly of claim 9, wherein the expandable tubing

is expandable to form a borehole liner or supporc.

11. The assembly of claim 10, wherein cthe expandable

tubing is or forms part of an expandable well screen or

" sand screen.

12. The assembly of claim 9, 10 or 11, wherein, the non-
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expanding tubing is or forms part of a connector.

13. The assembly of claim 12, wnerein the connector isg

adapted for joining two lengths ¢f expandable tubing.

14. The assembly of claim 13. wherein the connector is
adapted for joining lengths of expandable tubing forming
part of respective expandable well screen or sand screen

sections.

15. The assembly of any of claims 9 to 14, wherein the

connecting portion is a partially expanded end portion of

the expandable tubing.

16. The assembly of any of claims 9 to 14, wvherein the

connecting portion is an expandable tapering end portion of

the neon-expanding tubing.

17. The assembly of claim 9, wherein the expandable tubing

is an expandable connector.

18. A method of locating a section of expandable tubing in
a bore, the method comprising the steps:

providing a length of expandable tubing and a length
of larger diameter non-expanding tubing;

connecting an end portion of said expandable cubing to
an end portion of said non-expanding tubing with a portion

of expandable tubing;
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running the connected tubing into a bore;
fixing said non-expanding tubing in the bore: ang

expanding the expandable tubing.

15. The method of claim 18, further compfising fixing the
non-expanding tubing in the bore by connection to an

existing section of bore liner or casing.

20. The method of claim 19, wherein the non-expanding

tubing is fixed in the bore by a liner hanger.

21. A tubing assembly comprising a length of expandable
tubing, a length of larger diameter non-expanding cubing
including means for connecting the non-expanding tubing to
further tubing located in a bore, and a connecting portion
of expandable ctubing connecting an end portion of the
expandable tubing to an en& portion-of the non-expanding
tubing, the arrangement being such that, in use, cthe

connected tubing may be run into a bore as a unic.

22. The assembly of claim 21, further comprising a running

toocl including means for releasably mounting the tubing

thereon.

23. The assembly of claim 22, wherein the mounting means
is releasable by one of, or a combination of, mechanical

force and fluid pressure.
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24. The assembly of claims 22 or 23, wherein the running

tool incorporates means for expanding the expandable

tubing.

25. The assembly of claim 24, wherein the ‘expanding means

is initially located within the connecting portion.
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